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I.  GENERAL  DISCUSSION 


During  the  past  thirty  years,  »  growing  dissatisfaction  with 
microeconomic  theory  combined  with  an  interest  in  and  a  need  for 
understanding  decision  making  in  the  firm  and  tn  other  aspects  «f 
economic  life  has  produced  several  apparently  distinct  schools  of 
thought. 

The  pure  economic  theorist  and  mathematical  economist  may 
be  contrasted  with  the  plaimers  and  practising  consultants  and  the 
new  breed  of  behavioral  scientists  Concerned  with  the  explicit  introv 
duction  of  psychological  and  sociological  variables  into  their  models 
of  ecenomic  man.  The  difference  is  most  marked  in  the  treatment 
and  the  discussion  of  the  relevance  of  new  versus  old  variables,  but 
beyt-ndthis,  all  have  become  acutely  aware  of  the  stringent  limita* 
tions  nn  the  use  of  simple  models  of  "rational  man". 

In  alt  Aewly  developing  areas  ef  substantive  knowledge  there 
Is  always  a  clash  between  the  analytis&l  and  the  synthetical  approach. 
The  far^roving  sgclal  scientist  searthing  and  conjectusing  with  little 
lofSnal  tralldtttlois  of  his  Canjectvrfs  Mfiving  to  devise  methods  to 
partray  the  gestalt  sf  his  subject  is  of  tew  casistrasted  with  the  analyst 
concerned  with  details,  well-defined  axioms,  painstaking  validation, 
and  manipulation  of  closed  and  consistent  formal  models.  Along  with 
this  contrast  goes  the  belief  that  the  more  "conversational"  of  the 
behavioral  scientists  are  necessarily  less  scientific  than  their  matrix- 
inverting  bretheren.  This  type  of  attitude  is  particularly  true  of 
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engineers,  physicists,  mathematicians  addressing  problems  in  the 
behavioral  sciences  for  the  first  time. 

This  brief  paper  is  directed  towards  pointing  out  the  dangers 
in  allowing  a  false  contrast  to  obscure  the  need  for  concerted  verbal 
and  mathematical  or  other  formal  approaches  to  the  study  of  decision¬ 
making.  At  this  juncture  in  our  knowledge,  it  becomes  highly  impor¬ 
tant  to  blend  institutional  knowledge  and  mathematical  ability— to 
tltillze  and  formalize  the  uncommon,  common  sense  of  the  practitioner 
and  expert.  Given  the  current  state  of  our  knowledge,  for  many  good 
reasons,  there  |e  no  one  euceeesful  general  theory  of  decision-making. 
The  austere  and  elegant  structure  of  parts  of  economic  theory,  sta¬ 
tistics,  game  theory,  learning  theory  and  other  parts  of  psychology 
Is  good  and  valuable  In  at  far  as  It  goes;  however,  in  comparison  to 
the  structure  of  many  bfanchce  of  physics,  it  does  not  go  very  far. 

Both  the  methods  for  observation  and  the  application  of  mathematical 
methodology  are  In  their  early  stages  at  this  time.  The  developments 
of  economies  and  other  behavioral  setefiees  are  Important  to  laying 
ths  fsundations  for  the  several  theories  of  decision-making  which  may 
at  came  fater  date,  after  they  have  proved  successful,  be  combined 
into  a  more  general  theory. 

A  tree  diagram  given  below  serves  to  characterize  some  of  the 
major  considerations  in  describing  the  individual  decision  maker. 
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They  involve  assumptions  about  the  environment,  the  geais^  the 
nature  el  eoieipetitioa*  the  span  t>f  time  ovev  which  decisions  are  to 
be  made  and  the  intelUgende,  fetionelity  and  cthey  seclo-psychological 
features  ef  fhe  individual. 

Mdst  eddnemlC  theories  decision  irehlng  regard  errors 
Computatien;  blunders  due  to  miepeteeptles  er  other  ertetic  behavior 
St  miner  details  to  be  aeceunled  lor  in  medtflcsUrne  ef  e  Iheery 
based  Oft  homo  oeeonoiriCu»«  tn  military  problems,  however,  vO 
esOAet  diemist  the  detiens  of  the  moreo  or  the  madman  with  oucli  ease. 
r«rthermore«  the  •ociolegtsts.  onthropologist#  and  psychiatrist* 
have  pointed  out  that  ein  apparently  elandard  **rational"  ecenemic 
oerm  In  ooe  eeciety  may  be  given  *  contpletely  dtffercnl  Interpret** 
tl«n  elsewher**  The  American  efficiency  expert  entering  en  Englteh 
vr  •  Jepanes*  factory  \H11  find  himself  confronted  with  •  host  of  prob¬ 
lem*  not  relevant  to  "rallonnt**  decision-mahing  at  home. 

At  this  indnt,  a*  •  dOude  approximation,  we  tahe  the  social  and 
psychelegical  OepectO  of  the  indivhlaal  es  glwen. 


4 


analytically 
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The  very  crude  set  of  trichotomies  presented  above  provides  3 
categories  which  are,  for  the  most  part,  signif’ jantly  different  and 
are  relevant  to  various  facets  of  human  affairs* 

Harking  back  to  our  concern  with  mlcroeconomit  theory, 
whete  ts  aur  utilitarian  tnanf  He  Is  to  be  found  in  categories 
(t,  1.  1,  1.  1)  or  (2,  I,  1,  1, where  the  first  number  refers  to  the  first, 
second,  cr  third  branch  of  the  tree,  and  so  forth.  Thus,  the  first 
array  refers  to  the  Individual  who  knows  his  environment*  has  one 
choice  to  make,  knows  what  he  wants,  is  not  involved  with  ethers  in 
his  choice,  and  faces  0  problem  that  hO  can  solve  In  the  time  available. 

ft.  I«  l«  t«2}  represents  the  type  of  situation  in  which  techniques 
such  os  linear  prOgcainiiilng  hotre  been  ottccessful.  ’  !f  you  happen  to 
face  a  moderate  slced  travelllnf  sOlesman  problem  end  know  what  the 
eflutieo  Is  worth.  It  helongo  here. 

If  the  travelling  salesman  problem  to  made  too  largo,  or  if 
we  are  confronted  with  choes.  we  COtne  Co  fl,  t.  t.  1.  31  where  Our  cur¬ 
rent  state  of  the  etC  eeUs  io9  "heuristics*  or  high-elass  eoleseof- 
thumb. 

Quality  control ,  some  of  the  simpler  problems  in  Inventory 
control  and  sequential  decision  making  have  been  successfully  dealt 
with  in  (2,  2,  1,  1,  2). 

Weapons  evaluation  and  some  relatively  simple  tactical 
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problems  have  been  dealt  with  by  two>pers9n  *e#o-sum  game  theory, 
best  characterized  in  (1,  2, 1,  2,  2). 

Unfortunately,  niany  e£  the  basic  problem*  of  a«on(»*nic  come 
petiti9tv  tnllltary,  diplomatic  or  political  affairs  an<J  Indeed  life  4* 
general  belong  ta  categories  s«ell  as  fS,  S,  3,  9,  3)  Of  f3,  Z,  3,  3|. 
ic  equally  foolish  to  belittle  out  aehleviriente  in  haadll%g  a  few  of  Ihc 
simpler  categories  as  It  is  to  pretend  thol  simple  toodifleatiooo  of 
eurr'^nt  theory  will  euffice  to  4eol  with  the  other  sitisatioog* 

Paced  with  the  coirplexltlee  cncoontcrcd  !•  an  altefopt  to  stu4p 
decisienaprocetsee.  wo  may  o4opt  •  hehavlerletie  or  •  oormellve 
eppteacH.  We  may  eoncentrato  on  trying  to  describe  hew  iodlrtduals 
behave  of  may  addfees  ovrfelirce  to  the  problem  of  advtsing  theny 
hew  they  should  behave.  Eveo  with  the  el4e»eteppfng  of  the  ethical 
problems  ceneerniog  normative  thOOrie#,  We  ere  still  confronted  witd 
many  difficulties  in  descfiptieia  and  presCtiptloo  which  illustrate  that 
the  dlstahCe  between  a  behavioral  approach  and  a  oermatlve  oac  is  by 
tio  means  as  far  as  It  may  seem  te  be. 

An  Important  example  illuslfatiog  the  difftculttoe  of  formula- 
tiea  of  theory  ift  the  early  stages  in  the  developmernl  el  a  body  of 
knowledge  is  provided  by  the  various  so-called  theories  for  the  eolution 
to  an  n-person  non-constant  sum  game.  There  is  no  single  dominant 
theory  which  is  accepted  either  as  a  nermative  proposition  instructing 
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individuals  how  they  should  play,  nor  is  there  one  accepted  theory 
based  on  the  description  of  how  individuals  do  play*  Under  varying 
circumstances,  a  case  may  be  made  ©ut  t9r  the  von  Neumann- 
Morgenstern  stable  sets  W  the  Shapley  val^e^/;  the  Harsanyi  value  ; 
the  Nash  non-cooperative  equilibrium  sclution^/;  the  A»ma©*i- 
Maschlet  bargaining  sets^/;  the  *%e9t*||ic*averhge**  solution  or  many 
ethers. 

A  certain  amount  of  expc#imenta|  evitfenfe  exists  for  several 
of  the  solutions.  For  instance,  Jhe  lf«ch  **Mc9ope»4tive  equilibrium 
solution  appears  to  sefve  as  afptr  predictor  in  some  experiments  in 
which  there  is  no  face-to-fa«e  commuhicatftn  %efw©cn  the  players  . 
Other  experiments  have  shown  that  Ike  •ppt^priate  circum¬ 

stances,  the  Shapley  value  J7/  provides  ^fedictiont*  and  that  in  certain 
simple  situations  the  outcomes  of  bapgainiAg  ^cocessss  lie  in  the 
Aumann-Maschler  bargaining  sets. 

Where  do  these  various  the©itiet  of  solution  to  games  come 
from?  Are  they  behavioristic  or  •crCnative?  Why  are  they  unsatis¬ 
factory?  Writers  of  theory  do  not  start  with  a  tabula  rasa;  some  have 
had  experience  as  practitioners,  others  have  oratched  the  processes 
of  their  interest  for  many  years  prior  to  the  development  of  the  theories; 
still  others,  without  explicit  knowledge  of  the  processes  discussed  in 
their  theories  bring  to  their  assumptions  a  host  of  implicitly  absorbed 
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observations  and  conditioned  experiences.  Thus,  when  we  examine 
even  the  appatently  most  simon  pure  assumptions  or  axioms  upon 
which  a  solution  Concept  may  be  based;  whether  it  is  in  reference  to 
a  bargaining  ItroCes 8,  #tbitratiott  scheme  or  an  individual  grap¬ 
pling  with  ^certainty*  the  antiseptic  appearance  of  the  mathematical 
axioms  %elies  the  vast  a;(ay  oi  Inpplicit  assumptions  concerning  how 
individual*  do  aa4  s%hi»ld  b«%h«». 

For  cxafftple*  Itie  mathelhatical-eConomic  models  of  maximiz- 
tof  sCItitcHa^  Mian  may  fhrnIhXly  reflect  fdar shall' s  theory  of  the  firm 
industry,  frlathesnitiCally  they  %f  e  neat  and  not  very  complex;  and 
wh#M  Stated  anatety  at  snatkemajieal  abstractions  they  hide  the  rich- 
iMe#  of  the  obs«f¥atioaSy  Commentaries  and  qualifications  with  which 
Ma*#liall  tfcainpaaled  iliefn.  Mis  gomments  provided  the  justification 
f**  asing  t\«  •hstfactioh*  I*  *tudp  th*  precesses  of  the  politico-socio- 
econflmy  in  Which  |ic  dwelt.  The  generality  of  an  unqualified  mathe- 
matisation  o4  Mats^all's  theory  is  misleading  in  the  extreme. 

The  theoty  oi  games  wa#  singled  out  above,  to  provide 
eaatnples  of  the  difficulty  In  theory  building.  We  equally  as  well  could 
have  seierted  subjective  probability;  or  "satisficing"  or  aspiration,  or 
learning,  er  argaidzation.  In  all  of  these,  the  assumptions,  the 
axioms,  observations,  theories  and  so-called  theories  offer  a  blend 


of  normative  and  behavioristic  rules;  In  some  situations  the  distinction 
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between  the  normative  and  behavioristic  theories  is  clear-cut.  For 
example  when  an  individual  is  confronted  with  a  known  set  of  out¬ 
comes  for  which  he  has  specific  values  we  may  say  (tautologically) 
that  he  should  select  the  alternative  which  leads  to  Ihs  outcome  with 
greatest  value.  We  may  then,  as  in  the  case  of  linear  programming, 
supply  an  algorithm  ta  «elect  the  appropriate  alternative.  In  the  same 
situation,  wp  may  still  shew  Mcpnvf mentally  that  thp  individual  has 
•pegific  values  for  Outcomef^  haf  our  observations  of  behavior  show 
lhat  he  (Sees  not  selett  the  best  alternatives*  In  various  suggested 
theories  of  arbitration,  the  distinstinn  betvsneia  normative  and  dess 
criptive  is  not  s9  clear.  In  the  axiom  of  symitielry  based  upon  a  belief 
that  people  should  follow  it,  or  is  it  based  upon  observations,  cxilturaf 
training  or  folklore  that  this  Is  whal  is  accepted  In  a  given  society? 

2.  some  RU^ES  FOH  B5HAVIOR 

Scsnomic  man  tells  us  how  to  act  in  simple  situations  where 
ws  know  what  we  want  and  can  calculate  how  to  get  it.  If  we  are  in 
conflict  or  doubt,  he  is  of  little  use.  If  there  is  a  conflict  involving 
pure  opposition  between  individuals  whs  know  what  they  want,  the 
theory  for  the  solution  to  two-person  zero-sum  games  provides  a 
persuasive  recommendation  in  maximim  behavior.  However,  even 
for  a  game  as  simple  as  chess,  the  theory  does  not  tell  the  individvial 
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how  to  make  his  moves. 

When  the  environment  is  unknown,,  there  have  been  many  sug* 
gestions  as  to  how  the  individual  should  account  for  uncertainty. 

Milnor  has  presented  an  excellent  ahalysis  of  the 

4xi9fn  systems  underlying  8eveya%  ways  in  which  uncertainty  may  be 
taken  into  acccunt  ^/.  |ton9«f  them  are  e#tltel^  satisfactory  as 
notmative  prescription*  inasiPM^fts  examptes  cah  be  constructe4 
which  are  pot  vesolvedf  the  ^iffe*cli|  CheChods  |»  a  manner  that 
coincides  with  intuition  or  obserValion.  Rallfa  and  Schlaifer  9/  in 
their  development  of  a  deCtsi^n  theory  have  stressed  the  importance 
of  the  use  of  subjective  probabilffy  es  a  way  for  utilizing  the  unde*- 
standing  and  knowledge  «f  tHr  expert  tho  actual  decision-maker 
steeped  in  the  details  and  special  perceptions  of  his  art. 

We  have  already  noted  that  whe*  the  environment  involves 
explicit  interactifn  with  other  hiemeM  of  |Mif|ian  agencies,  there 
exists  a  host  of  solution  concept#  foy  d-^cfson  games,  none  of  which 
is  entirely  satisfactory  either  as  notmsMvt  presCfiption  ^r  behavioral 
description.  Whe#  (ack  cf  knowledge  conOorning  the  environment 
combined  with  inability  to  calculate  the  consequences  ef  all  but  a  few 
simple  courses  of  action  is  added  to  the  decision  problem,  our 
"theories"  are  in  even  poorer  condition.  The  broad  area  of  artificial 
intelligence  10/  is  addressed  to  providing  algorithms  to  deal  with 
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decision  processes  where  exhaustive  exploration  of  alternatives  is 
net  possible  and  where  no  analytical  mtthods  a#e  Icnawn^ 

An  intermix  of  wetk  with  computers,  psychology,  efatlsttys, 
and  othe#  disciplines  has  yielded  sevcfal  fuggestiai^g  and  •fesetvetions 
lo#  decision-making.  Simon  a44%ls  hggoeiates  at  Calrntgle  |iev« 
attempted  to  define  a  saMsficlAf  IMA  !)/•  AA  organizatiea  of  **iatise 
lAaing  individual  s'*  displays  an  adaptively  Vattnnal  behavior  chayacter- 
szed  by  processes  for: 

111  The  quaai-9efi|uti#fl  of  f^nflitf 

(2)  tingey^Inlp  avoidanf# 

(3)  Pyob|enfiisti9  sMrch 

(4)  Organizatirnat  leftytiinfa 

For  example,  fhe  fitm  t»  yegarded  ts  4n  e>9ganizatsoa  with 
several  decision  centers^its  go%ls  ate  influenced  by  experience 
which  modifies  the  aspiration  levels  of  its  fuembefs.  The  firm 
attempts  4o  avoid  uncertainty;  bente»  there  i»  an  etnphasis  on  short 
term  correction  plans  to  deal  with  |he  Immediate  future  and  short  run 
feedback,  rather  than  long  run  anticipation.  Plans,  standard  operating 
procedures  and  tradition  efe  all  used  as  mechanisms  to  dampen  the 
degree  of  uncertainty.  Stress  is  laid  on  the  proposition  that  the  natu¬ 
ral  language  to  discuss  adaptive  behavior  is  in  terms  of  programming. 

There  has  been  a  moderate  success  in  simulating  the  behavior 
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of  middle  and  lowe*  middle  management. 

Although  wcertainty  avoi^anc*  Is  suggested  as  a  natural  part 
•I  •vgaSiizalMnal  l^ehasri#**  lhe>«  hfe  fwo  very  different  and  Itighly 
•■•e#sr#late<i  ty|pQ#  of  <U»certat<lt;if»  An  mdivl4isa|  «nay  he  uncertain 
afe«mt  tbo  OtttCOfnv  of  a%  action  &ii4  Ilk*/  b«  uncertain  about  the  valve 
•i  an  Mitcom**  hXaJor  ^eglsionf  %te  ^fteWel  snafginal  decisions. 
Aptesident%f  4  t^rge  mining 4onppany  recently  speaking  to  a  group  of 
p»«|essors  concerned  with  «flanagem»nt  science  Commented  that  there 
w»s  a  *nfe  ill  Voinivg  lehicti  %ugg«Med  that  siv  ptoperty  which  could  not 
show  »  ftrVfit*  even  witjl  m|smtnagellient^  should  be  worked.  If  an 
4*w€#t»eril  |s  in  doubt,  there  is  the  choifie  between  performing  a 
more  careful  calculation  oy  offering  !•  buy  the  investment  for  less 
than  is  being  asked*  In  the  sCeonC  caoo«  uncertainty  of  Outcome  is 
ineveosed  and  uncertainty  of  valuation  is  decreased.  An  offer  of  a 
lower  piiCe  may  increase  the  possibility  that  the  sellee  will  refuse  to 
sell  the  investment;  buying  at  a  lower  price  increases  the  chance  that 
it  will  be  a  good  investment  eegordles*  of  the  vagaries  of  the  market. 

A  simple  analogy  is  provided  by  a  firm  with  limited  capacity 
being  confronted  with  more  potential  jobs  than  it  can  handle.  If  there 
are  n  jobs  and  the  probability  of  obtaining  the  i^h  job  depends  upon 
p^,  then  if  the  firm  has  a  capacity  of  k  less  than  n,  its  optimal  policy 
will  be  to  make  its  prices  sufficiently  high  that  it  loses  an  appropriate 
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number  of  jobs. 

Siegal  12/  and  others  have  suggested  an  "aspiration  level" 
approach  to  decision-making.  The  level  of  aspiration  is  originally 
defined  and  measured  in  much  the  same  way  as  von  Neumann- 
Morgenstern  utility.  However,  over  the  course  of  time,  individuals 
are  regarded  as  lowering  or  increasing  their  sights.  Successive 
failures  lower  the  aspiration  level,  success  raises  it.  The  behavior 
of  Robert  Bruce,  Dick  Whittington  and  others  who  follow  the  rule  of 
fortiter  in  adversitas  does  not  fit  into  the  aspiration  model. 

Festinger  13/  has  performed  experiments  to  prove  the  value 
of  his  concept  of  "cognative  dissonance".  According  to  this  view, 
further  off  fields  are  not  greener  and  grapes  out  of  reach  are  indeed 
more  sour  than  grapes  which  can  be  plucked.  These  observations 
suggest  that  individuals  in  order  to  reach  a  decision  and  justify  it  to 
themselves  change  their  values  to  conform  to  the  possibilities. 
"Come  the  Revolution,  we  will  all  have  strawberries  and  cream  for 
breakfast,  and  everyone  will  like  it". 

In  summary  we  note  that: 

Economic  man  knows  his  choices,  values,  and  the  outcomes; 
he  selects  from  his  known  world. 

Economic -Decision  theory  man  removes  his  uncertainties  by 
introducing  subjective  probabilities  into  his  rational  calculations. 
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Aspiring  man  moves  with  the  flow  of  affairs.  If  he  is  suc¬ 
cessful,  he  wants  more;  if  he  fails,  he  wants  less. 

Festinger's  man  conforms  more  to  the  type  of  individual  con¬ 
fronted  on  every  other  page  of  Alice-in-Wonderland.  He  changes  his 
values  in  order  to  justify  his  decision. 

The  investing  man  changes  the  odds  on  the  prospects  with 
which  he  is  confronted  in  order  to  both  clarify  their  worth  and  cut 
down  on  the  amovint  of  decision-making  required. 

In  my  opinion,  the  time  for  synthesis  of  decision  theories  is 
not  yet  with  us.  Many  of  the  normative  and  behavioristic  schemes 
are  of  worth  tn  a  limited  context.  However,  for  more  detailed  formu¬ 
lation,  testing  and  experimentation  is  needed.  Our  theories  may  aid 
in  some  economic  and  military  situations.  But  even  so,  except  as 
aids  to  clear  thought  on  subjects  such  as  negotiations  and  threats 
during  negotiations,  little  other  value  has  been  derived. 

As  a  final  example,  a  simple  unsolved  problein  is  posed.  It 
is  unsolved  in  the  sense  that  there  are  several  normative  decision 
criteria  which  have  been  suggested  as  well  as  several  behavioristic 
ones.  It  is  possible  to  obtain  virtually  any  outcome  as  a  point  which 
satisfies  some  of  the  theories. 

The  example  is  the  prisoners'  dilemma  game  iterated  indefi- 
nately  with  a  discount  rate  included.  Suppose  two  players  play  the 
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following  game  every  period: 


1 

2 

1 

10,  10 

-10, 15 

2 

15,-10 

0.0 

In  the  one-period  game,  considerations  of  individual  rational¬ 
ity  call  for  them  to  play  (2,  2)  and  obtain  (0|  0).  If  the  game  has  no 
definite  end,  and  there  is  a  discount  rate  p,  then  the  long  run  payoff 
to  player  1  is: 


00 

n.  =  E 

1  t  =  0 


If  either  player  were  to  use  a  "threat'' -etrategy  such  as: 

"Play  1  as  long  as  1  is  observed;  if  ever  2  is  observed,  play  2  from 
then  on. "  This  would  make  (1,  1)  an  equilibrium  point.  Is  it  reason¬ 
able,  however,  to  believe  that  for  a  one  period  departure  from  grace, 
one  individual  will  punish  another  from  that  point  on  at  great  cost  to 
himself?  Formally,  there  are  many  extensive  form  strategies  con¬ 
taining  threats  which  apparently  enable  almost  any  outcome  to  be 
enforced  in  an  equilibriu.  In  a  broad  sense,  they  are  not  all  equally 


plausible. 
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The  normative  suggestion  that  the  players  should  maximize 
jointly  has  them  playing  (1,1);  the  naive  extension  of  the  non- 
cooperative  equilibrium  concept  to  games  of  indefinite  length  turns 
almost  anything  into  an  equilibrium  point.  The  theory  we  need,  we 
do  not  have  yet.  It  must  take  into  account  both  the  players'  innate 
desires  to  cooperate  and  the  intelligence,  perceptions,  and  other 
abilities  in  communicating  with  each  other  and  inferring  from  each 
others'  behavior. 
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